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ROOM TEMPERATURE DIODE LASER 
Ell/[ITTING IN THE 2-5 NIICROMETER 

WAVELENGTH RANGE 

This application is a continuation of application Ser. No. 
08/545,181 ?led on Oct. 19, 1995 now abandoned. 

This invention was made with Government support 
under Contract No. F29601-93-C-0036 awarded by the US. 
Department of the Air Force. The Government has certain 
rights in this invention. 

The invention is directed to a semiconductor diode laser 
which emits radiation in the 2-5 micrometer wavelength 
range, and, more particularly, to such a diode laser which 
operates at room temperature. 

BACKGROUND OF THE INVENTION 

It would be desirable to have a diode laser which emits 
radiation in the 2-5 micrometer wavelength range. Diode 
lasers generally include an active region and either a clad 
ding or con?nement region on each side of the active region. 
The purpose of the cladding or con?nement regions is to 
con?ne carriers and light to the active region. Heretofore, 
such con?nement has not been achieved with semiconductor 
materials which will emit radiation in the 2-5 miu'ometa 
wavelength range. Although lasers from lead-salts, solid 
materials or gases have been developed which emit in the 
2-5 micrometer wavelength range, these devices do not 
operate at room temperature. Therefore, these lasers require 
cooling means which greatly increase the size and cost of the 
lasers. Therefore, it would be desirable to have a semicon 
ductor diode laser which emits radiation in the 2-5 
micrometer wavelength range and which operates at room 
temperature. 

SUMMARY OF THE INVENTION 

The invention is directed to a semiconductor diode laser 
which includes an active layer comprising an 
In,,Ga1 b1_, alloy and a cladding layer on each side of 
the active layer. At least one of the cladding layers comprises 
an InAlPSb or an InGaPSb alloy. 

BRIEF DESCRIPTION OF ‘TI-[B DRAWING 

The sole FIGURE is a pm'spective view of one form of a 
diode laser made in accordance with the invention. 

DETAILED DESCRIPTION 

In the sole FIGURE, a semiconductor diode laser, gen 
a'ally designated as 10, comprises a substrate 12 of a 
semiconductor material of n-type conductivity having a pair 
of opposed surfaces 14 and 16. On the surface 14 of ?re 
substrate 12 is a butfer layer 18 of the same semiconductor 
material as that of the substrate 12 and of the same conduc 
tivity type. The purpose of the buffer layer 18 is to provide 
a substantially defect free surface on which to form the 
remaining layers of the diode laser 10. However, if the 
substrate surface 14 is sut?ciently defect free, the bu?’u' 
layer 18 can be eliminated 
On the bu?ier layer 18 is a ?rst cladding layer 20 of a 

semiconductor material of the same type conductivity as the 
substrate. An active layer 22 of a semiconductor matm'ial is 
on the ?rst cladding layer 20. The active layer 22 may be of 
any form well known in the art and is typically 0.5 microme 
ters or less in thickness. For example, the active lays may 
be a quantum well layer, a multiple quantum well structure 
or a large optical cavity (LOC) structure. For a quantum well 
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structure, the active layer 22 is undoped and is typically 
comprised of a plurality of layers about 10 nanometers or 
less in thickness. On the active layer 22 is a second cladding 
layer 24 of a semiconductor material of the opposite type 
conductivity as the substrate. On the second cladding layer 
24 is a cap layer 26 of a semiconductor material of the 
opposite type conductivity as the substrate and is highly 
conductive. 

A layer 28 of an insulating material, such as silicon 
dioxide, is over the cap layer 26. The insulating material 
layer 28 has an opening 30 therethrough to the cap layer 26. 
A ?rst conductive metal contact layer 32 is over the insu 
lating material layer 28 and extends into the opening 30 to 
contact the cap layer 26. A second conductive metal contact 
layer 34 is over the surface 16 of the substrate 12. 

To provide a diode laser 10 which emits radiation in the 
2-5 micrometer wavelength range, the active layer 22 is of 
an alloy such as In,Gal_,AsySb1_y. Other alloys of In, Ga, 
Al, As, P and Sb may be used. In order to con?ne holes to 
the active layer, at least the n-type cladding layer, which is 
layer 20 for an n-type substrate of either InaAl1_aP,,Sb,_b or 
InaGa,_aPbSb1_b. Preferably both of the cladding layers 20 
and 24 are of the same material and are about 2-3 microme 
ters in thickness. Preferably the fradional aluminum content 
of the InAlPAs cladding layers 20 and 24 is greater than 0.2 
while maintaining close lattice match to the substrate. Close 
lattice match typically means within 0.1%. The substrate 12 
and the buffer layer 18 are of a material which has a close 
lattice match to the material ofthe ?rst cladding layer 20. 
Either GaSb or InAs can have such a lattice match. For 
example, In°_5oAlo_,oP°_,3Sbo_6, has a close lattice match to 
GaSb. The cap layer 26 may also be of either GaSb or InAs. 
Thus, the diode laser 10 includes a substrate 10 and butter 
layer 18 of either GaSb or InAs, ?rst and second cladding 
layers 20 and 24 of either InAlPSb or InGaPSb, and active 
layer 22 such as In,,GaH,AsySb,_y and a cap layer 26 of 
either GaSb or InAs. 

Room temperature operation of a semiconductor lasa 
diode in this context means operation at a tempaature 
greater than 250° K. 

Thus there is provided by the invention a semiconductor 
laser diode 10 having an active layer 22 of InGaAsSb which 
emits radiation in the 2-5 mia'ometer wavelength range, and 
cladding layers 20 and 24 on each side of the active layer 22 
of either InAlPSb or InGaPSb which con?nes electrons and 
holes into the active layer 22. In addition, the laser diode 10 
opu'ates at roomtemperature so as to be small and relatively 
inexpensive. It is to be understood that the devices described 
herein are illustrative of the invention. Modi?cations may 
readily be devised by those skilled in the art without 
departing from the spirit or scope of the invention. 
What is claimed is: 
1. A semiconductor diode laser which emits radiation in 

the 2-5 micron wavelength regime comprising: 

an active layer of InGaAsSb', and 
a cladding layu' on each side of the active layer with one 

of the cladding layers being of n-type conductivity and 
the other cladding layer being of p-type conductivity 
and with at least the n-type conductivity cladding layer 
being of either InAlPSb or InGaPSb. 

2. The diode laser of claim 1 in which both of the cladding 
layers are of either InAlPSb or InGaPSb. 

3. A semiconductor laser diode which emits radiation in 
the 2-5 micron wavelength regime comprising: 
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a substrate of a semiconductor material of n-type conduc 
tivity having ?rst and second opposed surfaces; 

a ?rst cladding layer of n-type conductivity on the ?rst 
surface of the substrate, the ?rst cladding layer being of 
either InAlPSb or InGaPSb; 

an active layer of InGaAsSb on the ?rst cladding layer; 
and 

a second cladding layer of p-type conductivity on the 
active layer. 

4. The semiconductor laser diode of claim 3 in which the 
second cladding layer is of either an InAlPSb or an InGaPSb 
alloy. 

5. The semiconductor laser diode of claim 4 in which the 
substrate is of either GaSb or InAs. 

4 
6. The semiconductor laser diode of claim 5 further 

comprising a cap layer of highly conductive p-type conduc 
tivity on the second cladding layer. 

7. The semiconductor laser diode of claim 6 in which the 
cap layer is of either GaSb or InAs. 

8. The semiconductor laser diode of claim 7 further 
comprising a ?rst conductive metal contact layer on the cap 
layer and a second conductive metal contact layer on the 
second surface of the substrate. 

9. The semiconductor laser diode of claim 8 further 
comprising a buffer layer of the same semiconductor mate 
rial as the substrate between the ?rst surface of the substrate 
and the ?rst cladding layer. 

* * * it! * 


